Summary. This 
Introduction
Recent theory has emerged in which testes sizes and sperm allocation patterns are linked to each other and to interspecific variations in mating systems (Short, 1979; Parker, 1984; Kenagy & Trombulak, 1986; Harvey & May, 1989) . Further development and testing of this integrative theory will depend on the availability of an adequate database of comparative information. Data on the constituents of successive ejaculates are available for numerous diverse species, such as rabbits (Adams & Singh, 1981) , turkeys (Bakst & Cecil, 1981) , horses (Squires et ai, 1979) , and laboratory rats (Toner & Adler, 1985; Austin & Dewsbury, 1986) . Information on testes sizes also is available for various species (e.g. Harvey & Harcourt, 1984) . However, evolutionary pressures are revealed most clearly when data from groups of closely related species, rather than arbitrary samples of diverse species, can be compared (King, 1970) . In particular, there is a need for collect¬ ing information from the same species on these two variables. The present research was designed to aid development of such a database for the muroid rodents, a group that is ideal for such analyses because they display considerable variability and most species generally adapt well to the laboratory environment.
The issue of ejaculate allocation can be broken down into two related, but separate, questions.
The first concerns the total number of spermatozoa available; the second deals with the allocation of spermatozoa to successive ejaculates. Sperm numbers have come to be interpreted in relation to sperm competition, the competition between the ejaculates of different males mating with a single female within a single oestrous period (see Parker, 1970 ). Short (1979) initiated the current interest in the problem by proposing a relationship among testes size, sperm numbers, and mating systems. Short argued that "in promiscuous mating systems; if several males are allowed to copulate with one female, gamete selection will favor the male who deposits the most spermatozoa" (Short, 1979, p. 155), a phenomenon termed 'sperm loading' (Parker, 1984; Dickinson, 1986) . By this hypothesis, sperm numbers are related to testes sizes and males in species with promiscuous mating systems should have larger testes than those in species in which females generally mate with just one male.
The hypothesis linking testes sizes to mating system has received appreciable support (Short, 1979; Harcourt et ai, 1981; Clutton-Brock et ai, 1982; Harvey & Harcourt, 1984; Kenagy & Trombulak, 1986 ), but there is little information supporting the important implicit assumption that across species testes sizes are closely related to the numbers of available spermatozoa. Although there is some support for this relationship within species (Lino, 1972; Abdou et ai, 1978) , some data are contradictory (Carter, A. P., et ai, 1980) . Moller (1988a) (Moller, 1988b) .
It can be argued that a more appropriate measure of ejaculate quality is sperm numbers across sequential ejaculates (see Moller, 1988a) , a measure which would more clearly delineate the links both of testes sizes and sperm numbers to mating systems. Moller (1988b) noted for birds that sperm numbers per ejaculate varied with the degree of sperm competition. A literature review of data for 9 mammalian species from several taxa suggested that animals with large testes produced large numbers of spermatozoa per ejaculate (Moller, 1989) . Sperm numbers across successive ejaculates were measured in the present study.
The second question concerns the allocation of spermatozoa across successive ejaculates. Parker (1984) distinguished between 'S patterns', in which males deposit a single, large ejaculate, and 'M patterns', in which males deposit smaller, multiple ejaculates. Species with monogamous mating systems might be expected to evolve toward the S pattern, as sexual activity tends to be reduced (Kleiman, 1977) . In species with polygamy or promiscuity, however, the M pattern might be expected. This permits facultative alterations in allocation patterns among females as a function of female availability (Lanier et ai, 1979; Lott, 1981;  Dewsbury, 1982; Gibson & Jewell, 1982; Parker, 1984) . The more predictable it is that multiple mates will be available, the flatter should be the functions of sperm counts over successive ejaculates (see Markow, 1985) . When females mate with several males, selection appears generally to favour a pattern in which males deliver a large first ejaculate and decrease the investment in successive ejaculates (Svard & Wiklund, 1986) . This is a common vertebrate pattern (see Austin & Dewsbury, 1986) and may have evolved because the predictability of future matings is not always great. From this logic, it would appear that monoga¬ mous species should have fewer ejaculates and that the decrement in sperm counts over successive ejaculates might be sharper than in more polygamous species. The fertilizing life of spermatozoa in the female reproductive tract and duration of oestrus also appear to be important factors in the evolution of sperm allocation patterns (Parker, 1984) .
Voles of the genus Microtus adapt well to the laboratory and are ideal subjects, partly because much is known about their reproductive patterns (Carter et ai, 1986; Dewsbury, 1988) . Females of all microtine species appear to be induced ovulators (Sawrey & Dewsbury, 1985) . Prairie voles, Microtus ochrogaster, appear generally to be monogamous in the field (Getz et ai, 1981; Getz & Hofmann, 1986) , as do pine voles, M. pinetorum (FitzGerald & Madison, 1983) . In contrast, the mating systems of montane voles, M. montanus (Jannett, 1980 (Jannett, , 1982 , and meadow voles, M. pennsylvanicus (Madison, 1980a, b) , appear to be generally polygamous. Because the characteristics of their ejaculates might be expected to differ, these 4 species were studied using methods identical to those used with two previous species, laboratory rats (Austin & Dewsbury, 1986) and deer mice (Dewsbury & Sawrey, 1984) . Testes sizes also were determined.
Materials and Methods
Animals. Animals used for sperm counts were 13 male and 35 female prairie voles (Microtus ochrogaster), from the colony long maintained at the University of Florida (Gray & Dewsbury, 1973) , 18 male and 62 female montane voles (M. montanus), from a similar colony (Dewsbury, 1973) Haemostats were used to isolate the reproductive tracts at the vaginal orifice, and each of the termini of the uterine horns. The whole tract was then removed and placed into a plastic dish with approximately 5-10 ml distilled water. A total of 40 ml water was used for the experimental procedures, of which 5-10 ml were used for extraction and the remainder to flush the dish into a storage vial. Scissors and a scalpel were used to open and scrape the contents from the whole tract. The 5-10 ml water and fluids from within the reproductive tract were then poured into a container with approximately 0-2 g EDTA salt (an anti-clumping agent). The whole 40 
Results
Copulatory behaviour and sperm counts Data on copulatory behaviour and sperm counts are presented in Table 1 . Montane voles reached a mean of 3-4 (range 1-7), prairie voles 2-7 (range 2-3), pine voles 2-4 (range 1-4), and meadow voles 2-5 (range 1-6) ejaculations. Species differences reached statistical significance for total number of spermatozoa ejaculated and number of spermatozoa ejaculated in each of the first three ejaculates, but not for number of ejaculations (see Table 1 ). The statistical significance of species differences in total number of spermatozoa ejaculated was due largely to pine voles, which ejaculated significantly fewer sperma¬ tozoa than any of the other species. Pine voles also delivered significantly fewer spermatozoa per ejaculate than any of the other species for the 1st and 2nd ejaculates. Sperm numbers for the 3rd ejaculate were significantly greater for meadow voles than prairie, montane, or pine voles. For all species, appreciable and significant decrements in sperm counts across successive ejaculates were noted (see Table 1 ). 
Discussion
A critical, but rarely tested, assumption in recent comparative analyses (e.g. Short, 1979; Kenagy & Trombulak, 1986) has been that species differences in testes sizes reflect species differences in the number of spermatozoa actually in ejaculates delivered to females. The present data suggest such a relationship. Significant across-species differences were noted for both these variables and larger absolute testes sizes were associated with more spermatozoa. The absence of a consistent relationship is somewhat surprising. However, the critical variable may not be mating system per se, but rather the occurrence of multiple-male mating by a single female during a single receptive period. The available evidence suggests that meadow voles display multiple-male mating (Madison, 1980a, b) , whereas pine (FitzGerald & Madison, 1983) and prairie (Getz & Hofmann, 1986) voles do not. Multiple-male mating has yet to be demonstrated in montane voles in the field. Wolff (1985) has proposed that, although female montane voles do not form a monogamous pair bond, they "apparently mate with only one familiar male" (p. 348). If Wolff (1985) is correct, a stronger relationship emerges. It appears not to be the formation of a pair bond that is critical for the evolution of sperm numbers, but the number of males mating with the oestrous female (see discussion of monogamy in Dewsbury, 1988) . This is illustrated in the work of Harvey & Harcourt (1984) in which the relative canine size of primates was related to the number of males in the troop but testes size was related instead to the number of males actually copulating with females. Testes size, number of ejaculations, and number of spermatozoa per ejaculate in birds may also be affected by the possibility of multiple mating by females (Moller, 1988b These data on 4 species of voles can be combined with those on deer mice, Peromyscus maniculatus (Dewsbury & Sawrey, 1984) and laboratory rats, Rat tus norvegicus (Austin & Dewsbury, 1986) for comparative analysis of 6 species of muroid rodents studied under similar conditions in one laboratory. Selected measures of morphology and sperm production are compared in Table 3 . Data are from the present study, Austin (1986) , Cummins & Woodall (1985) , Dewsbury (1981) , and Kenagy & Trombulak (1986 Breed, 1982;  Mating by single females with multiple males appears quite common in laboratory rats (see Barnett, 1958; Robitaille & Bovet, 1976) and deer mice (Birdsall & Nash, 1973 Fig. 1 . Clearly, the slope of the function relat¬ ing sperm numbers to ejaculates is sharpest for prairie, montane and pine voles. By comparison, the slope of the function is relatively flat for the 3 species (meadow voles, laboratory rats and deer mice) in which multiple mating appears common. Indeed, in rats there is a slight increase in the number of spermatozoa ejaculated from the 1st to the 2nd ejaculate. Toner & Adler (1985) found sperm numbers in older male rats to peak in the 3rd series. Changes in mean sperm counts, expressed in relation to the first ejaculate, in samples taken from successive females across successive ejaculates of males from 6 species of muroid rodents. Data are from the present study and those of Austin & Dewsbury (1986) and Dewsbury & Sawrey (1984) .
Several other factors should be considered. Information on the potency of the late ejaculates in the four Microtus species is lacking. Species seem to differ in this respect, with the late ejaculates of rats (Toner & Adler, 1985; Austin & Dewsbury, 1986) , and golden hamsters (Huck & Lisk, 1985) being of reduced potency, whereas those of rabbits (Adams & Singh, 1981) and deer mice (Dewsbury & Sawrey, 1984) show no such apparent decline. It has been estimated that the potency of male house mice is not decreased until epididymal sperm counts decrease to 10% of baseline (Searle & Beechey, 1974) . Secondly, data are needed on changes in constituents of ejaculates other than spermatozoa (see Pessah & Kochva, 1975; Adams & Singh, 1981; Bakst & Cecil, 1981) . Finally, in addition to the course of depletion of sperm resources, more data on the rate of recovery to baseline levels are needed (see Dewsbury & Sawrey, 1984; Austin, 1986) . This research was supported by grants BNS-8520318 and BNS-8904974 from the National Science Foundation. We thank two anonymous reviewers for helpful comments.
